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METHOD OF HARMONIC DIAGNOSIS FOR ELECTRIC EQUIPMENT 



BACKGROUND OF THE INVENTION 
1 • Field of the Invention 

The present invention belongs to the technical field of 
electric equipment diagnosis, and relates to a method of harmonic 
diagnosis for electric equipment such as motors and inverters* 



2, Description of the Related Art 

Recent electric equipment has been tried to improve its 
productivity by a continuous and integrated production process , 
Furthermore, an energy saving device such as an inverter has 
been introduced together with a high-performing automated system 
in a wide range so as to achieve highly reliable equipment . Such 
mass production is being required in every industrial field. 

Mass production equipment is generally operated 
continuously, and a breakdown (stoppage) in electric equipment 
often brings the entire process into a standstill. Once there 
is a breakdown, it not only damages production process but also 
loses the reliability of users, and may even cause a disaster. 
Thus, the downtime loss is immeasurable, and may lead to a fatal 
problem. 

When they purchase bland new equipment (machine) and check 
it, enterprises perform the checking by making it sure that the 
equipment (machine) operates according to its specification 
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because at present there is no checking standards or unified 
rules. However, since recent automatic devices (machinery) 
have a combined system structure in which a lot of devices are 
connected via interface cables, there might be no matching 
between these systems, thus causing a lot of troubles later, 
or even fire accidents* 

Furthermore, transportation equipment such as railroad 
trains and elevators to carry people are obliged to have a periodic 
inspection by statute; however, power conversion equipment 
(AC-AC converter) including motor equipment and inverters are 
checked only for the presence or absence of a temperature rise 
or abnormal noise, leaving safety problems unsolved. 

The obj ects of diagnosing abnormalities and deterioration 
of the electric equipment include: to improve operation rate 
by reducing the downtime of the equipment; to reduce maintenance 
costs including material and labor costs; to reduce other costs 
by extending the replacement period and reducing the inspection 
maintenance; to prevent troubles; and to improve safety, 
reliability, productivity and quality. 

Described above are the background and objects of the 
necessity of diagnosing abnormalities and deterioration of 
electric equipment. The conventional way of diagnosing 
abnormalities and deterioration in electricmotors and inverters 
according to the present invention will be described in brief 
in the following sections 1 and 2. 
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1. Diagnosis of abnormalities and deterioration for 
electric motors 

Methods of diagnosing abnormalities and deterioration for 
electric motors include: (1) vibration methods; (2) acoustic 
methods; (3) temperature methods ; (4) torque methods; (5) current 
methods; and (6) wavef orm methods , Of these methods, vibration 
methods/ which are the most frequently used methods/ will be 
described as follows . The other diagnosing methods are omitted 
to be described here because they have been described in the 
patents filed by the inventors of the present invention (Japanese 
Patent Applications No, 2000-386603, No. 2001-265949, No, 
2001-358718, and No . 2003-030807). 

Vibration methods have a simple diagnosis and a precise 
diagnosis. In the simple diagnosis, an abnormality is 
determined by a vibration overall value of a rotary machine in 
an electric motor or load equipment including an electric motor 
by installing a vibration pickup of electrokinetic type, 
piezoelectric type or displacement type as close to the source 
of vibration as possible. In the precise diagnosis, the cause 
and location of an abnormality and deterioration are determined 
by the frequency analysis of vibration. These diagnoses are 
both restricted to mechanical elements such as bearings and 
rotary shafts. 

As described above, for the simple diagnosis, some 
enterprises have their own standards to determine between 
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abnormality and normality by a vibration overall value based 
on the accumulated data and experience* However, most other 
enterprises depend on the ISO standard, the JIS standard or the 
VDI standard (the standard of the association of German 
Engineers) . These standards, however, provide only average 
evaluations, and cannot be applied to all rotary machines. For 
example, the ISO standard and the JIS standard have ISO-2372 
and JIS-B0906, respectively. 

When an abnormality is determined by the simple diagnosis, 
a precise diagnosis is required to determine the cause and 
location. In general, vibration signals generated from rotary 
machines are complicated, and are hardly simple. In order to 
obtain significant information from the signals to precisely 
determine the presence or absence of an abnormality, frequency 
analyses are most widely used. Applying a frequency analysis 
to a vibration signal makes it possible to determine the cause 
and location of the abnormality. 

For the rotary machines including these electric motors, 
the relation between the cause of an abnormality and the number 
of vibration events is not accurate because it is obtained from 
the data accumulated over a long period. 

2. Diagnosis of abnormalities and deterioration for 
inverters 

Inverters have the advantages of saving energy, and 
improving productivity and operability so as to contribute to 
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the achievement of high-tech industrial machines of various kinds . 
Inverters are now essential devices in motor equipment , and their 
production amount is increasing year by year. The production 
amount of industrial inverters in Japan in the fiscal year of 
1999 exceeded 1,800,000 (equivalent to about 100 billion yen) 
according to MITI (present METI) Current Survey of Production, 

By the way, an inverter is formed of a lot of parts including 
electronic parts such as ICs, resistors, capacitors and 
transistors, and other parts such as cooling fans and relays. 
These components cannot be used permanently, and their durable 
years greatly depend on the operating environment. Almost all 
the electronic parts have operating lives in compliance with 
Arrhenius law (the rule of doubling for every 10°C: operating 
life doubles for every 10°C reduction in the ambient temperature ) , 
so the inverter needs a periodic inspection. 

As a diagnosis of abnormalities and deterioration for 
inverters, the JEMA (Japan Electrical Manufacturers' 
Association) recommends aperiodic inspection in their guidebook 
"An encouragement of Periodic Inspection of General-Purpose 
Inverter" to prevent potential troubles. 

However, in a diagnosis of abnormalities and deterioration 
for an inverter, the determination of the cause and location 
of an abnormality and deterioration requires the inverter to 
be stopped or even decomposed so as to be checked by a specialist 
with a special measuring device . In reality, inverters are often 
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used until they are down. During the periods, the inverters 
often cause deterioration in their functions such as energy 
saving function and protection function, and also cause 
abnormalities in their output properties. In addition, the 
inverters often adversely affect other devices, such as causing 
robot malfunction or electric motor trouble. 

SUMMARY OF THE INVENTION 

Of diagnoses of abnormalities and deterioration for 
electric motors and inverters, the vibration methods are most 
widely used for electric motors . Since its installation affects 
the precision of an electric motor, the pickup must be fixed 
near the source of vibration. In addition, the location of an 
abnormality and deterioration to be diagnosed is restricted to 
mechanical elements such as bearings and rotary shafts. 
Furthermore, the measurement takes time, and the diagnosis cost 
including the measuring device is expensive . For these reasons, 
this diagnosis method is used mainly for comparatively 
large-sized machines with high importance. 

The description of the other diagnosis methods for electric 
motors is omitted- Unlike vibration methods, all these methods 
cannot determine the cause and location of an abnormality and 
deterioration, and above all, online survey systems, which can 
diagnose abnormal load only, are extremely expensive. 

In addition, in a diagnosis of abnormalities and 
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deterioration for an inverter, as described earlier, the 
determination of the cause and location of an abnormality and 
deterioration requires the inverter to be stopped or even 
decomposed so as to be checked by a specialist with a special 
measuring device. This is extremely troublesome, time 
consuming, and costly. 

In order to diagnose deterioration for electric motors 
and inverters, the inventors of the present invention filed 
Japanese Patent Applications No. 2000-386603, No. 2001-265949 
and No. 2001-358718 as new methods of determining the degrees 
of deterioration of electric motors and inventers and its cause 
and location by the size of a relative harmonic content in the 
current. 

However, these harmonic diagnosis methods by the inventors 
of the present invention are absolute methods in which 
calculation is performed by previously acquiring the rated 
capacities, power source impedance/ and load factor of electric 
motors and inverters, the parallel equivalent capacity of the 
load of other than these devices, the service voltage, the types 
of harmonic measures and the like. These are not necessarily 
simple methods, taking time for diagnosis. Furthermore, the 
relation between harmonics and the location of deterioration, 
that is/ the deteriorated part is not clear. 

The method of harmonic diagnosis for electric equipment 
such as electric motors and inverters according to the present 
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invention can solve problems owned by the inventors' harmonic 
diagnosis that is based on the aforementioned absolute methods 
as follows. 

In a method of diagnosing deterioration to determine an 
abnormality of an electric motor or an inverter from current 
harmonics which flow into the electric motor and inverter that 
form the electric equipment/ deterioration is determined by 
comparing an index value which is obtained by dividing the 
relative harmonic content of each order of the current harmonics 
by the total harmonic distortion of the current harmonics up 
to the predetermined order, with a criteria value which is 
obtained by multiplying the harmonic function of each order 
formed of the index value by a calculated value for diagnosis 
of each order found through calculation from the relative 
harmonic content of each order. The degrees of deterioration 
of the electric motor and inverter are distinguished from each 
other by weighting the criteria value, and the deteriorated part 
is determined by a specific harmonic order of the current 
harmonics. 

The harmonic diagnosis method for electric equipment 
according to the present invention is performed by measuring 
the current harmonics flowing into the electric motor and 
inverter, however, this method does not depend on the capacities 
of the electric motor or inverter* This method is also 
irrespective of power source impedance, load factor, the parallel 
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equivalent capacity of the load of other than these devices, 
the service voltage, the types of harmonic measures and the like, 
thereby being an extremely simple diagnosis method. 

Furthermore, the relation between the harmonics and the 
deteriorated part of the electric motor and inverter has been 
clarified by using a basis analytical method. Since it becomes 
possible to distinguish between the degrees of deterioration 
based on the basis analytical method, the method of harmonic 
diagnosis according to the present invention is extremely 
practical, with the potential of spreading to the industrial 
society. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of an inverter. 
Fig. 2 is a view to explain the generation of harmonics. 
Figs. 3A to 3H are examples of oscillating current 
waveforms, and autocorrelation functions corresponding to them. 
Fig. 4 is a flowchart to diagnose the electric motor. 
Figs 5A to 5C are flowcharts to diagnose the inverter. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The embodiment of the present invention will be described 

as follows with reference to drawings. 

Fig. 1 is a block diagram of an inverter. The reference 

numeral 1 represents a three-phase AC power source, and input 
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power 1' is flown to a converter part 4 of an AC-AC converter 
3 which controls an electric motor 2. The reference numerals 
5 and 6 represent a smoothing capacitor and an inverter part, 
respectively, and output power 2' is controlled by a control 
part 7 and a drive part 8. The control part 7 and the drive 
part 8 are a control board and a drive board, respectively, having 
electronic parts such as ICs, resistors, capacitors and 
transistors mounted on them . When the AC-AC converter 3 is based 
on a sinusoidal wave PWM technique, the input current and the 
electric motor current (output current) have the waveforms shown 
in Fig. 1. 

The AC-AC converter 3 has the input current shown in Fig. 
1 because of the presence of the smoothing capacitor 5 after 
the converter part 4 rectifies all the waves. This phenomenon 
will be described as follows. 

Fig, 2 shows examples of the generation of single-phase 
harmonics. Since the smoothing capacitor 5 shown in Fig. 1 is 
used to convert a three-phase AC power source into a DC power 
source, a pulse-like current as shown in Fig. 2 is flown to the 
capacitor 5 only during the charge . In the drawing, x represents 
a pulse width and H represents its height. The difference in 
flow between the AC power source and the DC power source generates 
harmonics . 

By the way, when a sinusoidal current is supplied to the 
U phase, V phase and W phase of the electric motor, the 
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magnetomotive forces F u , F v and F w are respectively expressed 
by the following equations. 
(Numerical Formula 1) 

F u = AI U sin<ot[cose^(l/3)cid36+(l/5)co350+ ] 

F v = AIv 

sin(fflt-120°) [cos (0-120°) - ( 1/3) cos3 (0-120°) + ( 1/5) cos5 (0-120°) 
+ 3 

F w = AI ff 

sin (ot-240°) [cos (9-24 0°) - (1/3) COS3 (0-240°) + (1/5) cos5 (0-240°) 
+ ] 

The numerical formula 1 indicates a magnetomotive force 
at a distance of 0 (electrical angle) on the circumference using 
the center of the magnetomotive force of the rotor as the base 
point* A represents a constant; I u , I v and I w represent the 
effective values of the currents at the U phase, V phase and 
W phase, respectively; © is an angular velocity expressed by 
2n:f (rad/s) when the frequency is f, and t represents time. 
Consequently, the synthesized magnetomotive force F in the case 
of taking the nth-order harmonics into consideration is as 
follows . 

(Numerical formula 2) 
F = (3B/2) 

F ra {sin (0~©t) + (K!, 5 /5) sin (50-KOt) + (Ki, 7 /7) sin (70-cot ) + (Ki,u/ll) 

sin (110-KDt) + <Ki,i 3 /13) sin (138-ait) + ) 

where B represents a constant, F m represents the maximum 
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value of the amplitude of the magnetomotive force of the 
fundamental wave, and Ki, n represents a winding factor of the 
nth order harmonics . 

The numerical formula 2 indicates the following. 

(1) When I u = I v = Iw/ harmonics such as n = 3, 9, 15, ... 
become zero, 

(2) The harmonics such as n = 5, 11, 17, ... rotate at o)/n 
in the direction opposite to the fundamental wave. 

(3) The harmonics such as n = 7, 13, 19, ... rotate at co/n 
in the same direction as the fundamental wave. 

On the other hand/ let the current waveform shown in Fig. 
2 be a square pulse wave, f (x) can be expressed by Fourier series 
in the following numerical formula. 
(Numerical formula 3) 

f(x) = ^l(H/ n jr)(l - cos n r)sin nx 

n-l 

where x = cot (© t angular velocity, t: time) and n represents 
the order of the harmonics. As apparent from the numerical 
formula 3, when the smoothing capacitor 5 is ideal, there is 
no flow of a pulse-like current resulting from a charge current, 
so that f(x) = 0. With the deterioration of the smoothing 
capacitor 5, the capacitance decreases, and harmonic components 
having low orders such as n = 5, 7 increase in the numerical 
formula 3. Note that n - 3, or the 3rd harmonics are extremely 
small as is understood from the numerical formula 1 (zero in 
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the case of I v = I v = Iw) . 

The relation between the current harmonics and the state 
of deterioration of the electric motor and inverter has been 
first clarified by the inventors of the present invention. The 
contents are as follows. 

The electric motor is designed to contain as little 
harmonics as possible because it contains harmonic components 
in the magnetomotive force as shown in the numerical formula 
2. Even so, the unbalance of power supply voltage and the like 
causes harmonics larger than a theoretical value. In addition, 
the inverter also generates harmonics as is well known. 

The deteriorated part of the electric motor will be 
described as follows. The deteriorated part can be either a 
mechanical element such as a bearing and a rotary shaft or an 
electric element such as a stator winding. Particularly, when 
deterioration occurs in the mechanical element, the electric 
motor current contains an irregular vibrational component. It 
goes without saying that this includes regular harmonic 
components. Consequently, only the essential harmonic parts 
can be taken out from the random irregular current waveform by 
taking an autocorrelation function R (x) shown in the following 
numerical formula. 
(Numerical formula 4) 
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where t: time, T:l/f 0 (fo M rotation frequency), T: time- 
Figs. 3A, 3B, 3C and 3D are examples of random current 
waveforms from which the fundamental wave components have been 
removed, and the autocorrelation functions corresponding to them 
are shown in Figs. 3E, 3F, 3G and 3H, respectively. Figs. 3A-3H 
indicate that when it is found that f changes at random every 
second by taking the autocorrelation function, R takes on a value 
only when x - 0, and becomes 0 in the other cases. Therefore, 
in case of the waveforms shown in Figs. 3A, 3B, 3C and 3D, Fig. 

j 3D has the highest correlation between the harmonics. 

! When deterioration occurs in an electric element such as 

a stator winding, changes in the magnetic flux inside the coil 
conductor causes an eddy current flowing like an eddy only inside 
the conductor. This eddy current induces local heating in the 
deteriorated part of a coil insulator, thereby causing unbalance 
between the respective phase currents - This results in I u « v ^i w 
in the numerical formula 1 , with conspicuous 3rd-order harmonics . 
Furthermore, the 3rd-order harmonics repeat the phenomenon of 
further increasing the local heating in the deteriorated part. 

| On the other hand, about the deterioration of the inverter, 

the smoothing capacitor 5 shown in Fig. 1 has been described 

! above. When the other electric elements (the converter part 

i 

4 and the inverter part 6), the control part 7, and the drive 
part 8 are deteriorated, the harmonic components increases in 
the current of the output power 2 / shown in Fig. 1, thus exhibiting 

I 
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an extraordinary value- The inventors have found that the 
deterioration of the inverter and the deterioration of the 
electric motor are related to a plurality of specific harmonics . 
The following is a description about determination of such 
deterioration . 

Fig . 4 is a flowchart to diagnose the electric motor . Step 
S10 finds the total harmonic distortion (THD) of the harmonics 
contained in the current of the output power 2' shown in Fig. 
1 . The detection of the current harmonics can be done by using 
a well-known device such as a clamping measure or a non-contact 
electromagnetic field measure with a search coil . The harmonic 
orders from which to find the total harmonic distortion can be, 
for example, the 2nd to 40th orders. Step Sll performs index 
calculation to find an index value <TH K ) obtained by dividing 
the relative harmonic content of each order by the total harmonic 
distortion found at Step S1Q. 

Then, the process goes to step S12 to determine 
deterioration. CH* is a criteria value of the Kth-order 
harmonics which will be described later, and is compared with 
TH k found at Step Sll. As a result/ the process goes to Step 
S13 when the electric motor is in the normal condition, and to 
step S14 when it is deteriorated. The flowchart to diagnose 
the inverter is shown in Figs. 5A to 5C. Fig. 5A is a flowchart 
to diagnose the smoothing capacitor 5 shown in Fig. 1, and 
determines deterioration by measuring the current harmonics of 
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the input power 1' shown in Fig. 1. Steps P100, Pill and P112 
have the same calculation contents as in the Steps S10, Sll, 
and S12 shown in Fig. 4. 

Fig. 5B is a flowchart to diagnose the converter part 4, 
the inverter part 6 and the control part 7 shown in Fig. 1, and 
determines deterioration by measuring the current harmonics of 
the output power 2' shown in Fig. 1. Steps P200, P211 and P212 
have the same calculation contents as in the Steps P100, Pill, 
and P112 shown in Fig. 5A. 

Fig. 5C is a flowchart to diagnose the drive part 8 shown 
in Fig. 1, and determines deterioration by measuring the current 
harmonics of the output power 2' shown in Fig. 1. At Step P200' , 
the 38th-order harmonic content is found, and the drive board 
is diagnosed (Step P2Q1' ) . The diagnosis of the drive board 
is based on the criteria value CH k - 1 . 0 of the 3 8th-order harmonics 
(StepP202') . AtStepP203', CH k is compared with the 38th-order 
harmonic content (H 3 e) to determine the good or bad of the drive 
board. 

The criteria values CH k shown in Fig. 4 and Figs. 5A, 5B 
and 5C are found as follows . K represents the Kth-order harmonics, 
and Ck represents a calculated value for diagnosis of the 
Kth-order harmonics. 

Concerning the electric motor: 
(Numerical formula 5) 

CH k - C k xr(M k ) 
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where f (M k ) is the Kth-order harmonic function. 

Concerning the inverter: 

(Numerical formula 6) 

CH K m C K xf(K s ) 

CH K - C K xf (N c ) 

CH K - C K xf(K v ) 

where £(N S ) , f<N c ) and x"(N p ) are plurality of Kth-order 
harmonic functions, and f (N d ) =1.0 <CH k = 1,0 in this case 
only) . 

In the numerical formulas 5 and 6, C k , f (M k ), f(N s ) , r"(N c ) 
and f(N p ) will be explained later in the embodiment . 

The degrees of deterioration of the electric motor and 
inverter (hereinafter referred to as devices) are discriminated 
into: "normal"; "caution needed"; and "defective" in order to 
show the quality. These "normal"/ " caution needed", 
and "defective" are referred to as A, B and C, respectively for 
convenience. The level B "caution needed" is further 
discriminated into: light deterioration Bl (deterioration which 
will cause no problem in the operation for about a half year) ; 
intermediate deterioration B2 (deterioration which will allow 
about three month operation, but requires tendency control) ; 
and heavy deterioration B3 (deterioration which requires 
preparation for replacement or repair because of the high 
probability of defects in the devices) depending on the degree 
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of deterioration of the devices. 

Since the diagnosis and inspection period after 
deterioration depend on the environmental conditions such as 
the number of the operating hours of the devices, ambient 
temperature and ventilating condition, the aforementioned 
inspection period can be considered just as a guideline . 

The aforementioned levels: A, Bl, B2, B3 and C are 
distinguished from each other by multiplying a weighting factor 
by the aforementioned criteria value. This factor will be 
described later in the embodiment. A multivariate analysis 
technique is effective to perform an analysis by focusing on 
the relation between the current harmonics and the deteriorated 
part of thedevices, so this technique will bedescribedas follows . 
In order to analyze the relation between the characteristic 
values of multidimensional events in a case where there is no 
external criteria for determination previously given as in the 
diagnosis of deterioration for devices according to the present 
invention, the basis analytical method which is one of the 
multivariate analyses is the most suitable. 

Since there are a lot of documents about the basis 
analytical method, the detailed description will be omitted. 
The following is a description about the relation between the 
current harmonics and the deteriorated part of each of the 
electric motor and the inverter by using the contribution rate 
of the basis analytical method. In the following description, 
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the numbers inside the parentheses following the principal 
components indicate contribution rates. The principal 
components are shown indecreasing order of characteristic values 
(the distribution of principal component scores) ♦ 
1. Electric motor 

(1) Abnormalities of the rotary shaft and bearing (electric 
motor' s main body) or defective installation of the electric 
motor. The four principal components found are: the 2nd-order 
harmonics (55), the 3rd-order harmonics (9)/ the 4th-order 
harmonics (16) and the 5th-order harmonics (6), The cumulative 
contribution rate of the employed principal components is 86%, 
thereby fully satisfying 60% or more of the values generally 
employed. 

(2) Poor insulation of the stator winding (between phases 
and to the ground) - The four principal components found are: 
the 2nd-order harmonics (7), the 3rd-order harmonics (61) , the 
4 th-order harmonics (5) and the 5th-order harmonics (22) ♦ The 
cumulative contribution rate is 95%. 

(3) Damages of the rolling bearing and housing (electric 
motor's main body) . The four principal components found are: 
the 2nd-order harmonics (23), the 3 rd-order harmonics (10), the 
4 th-ordef harmonics (41) and the 5th-order harmonics (8). The 
cumulative contribution rate is 82%. 

(4) Unevenness of air gaps between the stator and the rotor 
(dirt adhesion and local overheat) . The four principal 
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components found are : the 2nd-order harmonics (6)/ the 3rd-order 
harmonics (20), the 4th-order harmonics (8) and the 5th-order 
harmonics (59). The cumulative contribution rate is 93%. 

(5) Unbalance of the load-side rotary shaft or defective 
coupling with the load. The five principal components found 
are: the 6th-order harmonics (5) , the 7th-order harmonica (53) , 
the 8th-order harmonics (7)/ the 9th-order harmonics (11) and 
the lOth-order harmonics (15) . The cumulative contribution 
rate is 91%. 

(6) Damages of the load-side bearing or dirt adhesion to 
the load-side system (for example, a piping valve of the pump) • 
The five principal components found are : the 6th-order harmonics 
(7) f the 7 th-order harmonics (29) , the 8th-order harmonics (35), 
the 9th-order harmonics (13) and the lOth-order harmonics (11). 
The cumulative contribution rate is 95%. 

(7) Abnormalities of the load-side rotary shaft (for 
example, bending of the shaft) or wornout of the load-side system 
(for example, the coupling between the piping of the pump and 
the valve) . The five principal components found are: the 
6th~order harmonics (5), the 7th-order harmonics (21), the 
8th-order harmonics (25), the 9th-order harmonics (33) and the 
lOth-order harmonics (8) . The cumulative contribution rate is 
92%. 

(8) Damages of the load-side wheel, clutch, v-belt or the 
like. The five principal components found are: the 6th-order 

20 



0 5-02-2 1 ; 02 : 57PM;M'Jft!MHr 



5 075 2 55 2 677 



# 30/ 50 



harmonics (6), the 7th-order harmonics (23), the 8th-order 
harmonics (17) , the 9th-order harmonics (15) and the lOth-order 
harmonics (30). The cumulative contribution rate is 93%. 
2, Inverter 

(1) Deterioration of the smoothing capacitor 

The current harmonics on the inverter input side are 
measured, and two principal components are found. The 
components found are the 5th~order harmonics (62) and the 
7th-order harmonics (36) , and the cumulative contribution rate 
is 98%. 

(2) Abnormalities of the control board (in particular, 
deterioration of the electrolytic capacitor) . The current 
harmonics on the inverter output side are measured, and six 
principal components are found. The components found are: the 
llth-order harmonics (21), the l3th-order harmonics (17), the 
17th-order harmonics (19), the 19th-order harmonics (13), the 
23rd-order harmonics (11), and the 25th-order harmonics (15) . 
The cumulative contribution rate is 96%. 

(3) Deterioration of electric power elements (in 
particular, deterioration of an inverse transformation 
element) . 

The current harmonics on the inverter output side are 
measured, and sixteen principal components are found. 
The components found are: the 2nd-order harmonics (3), the 
3rd-order harmonics (16), the 4th-order harmonics (2), the 
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5th-order harmonics (13) f the 6th-order harmonics (2), the 
7th-order harmonics (17), the 8th-order harmonics (2), the 
9th-order harmonics (2), the lOth-order harmonics (2), the 
llth-order harmonics (6)/ the 13th-order harmonics (4), the 
17th-order harmonics (7) , the 19th-order harmonics (5) , the 
2 3rd-order harmonics (5), the 25th-order harmonics (6), and the 
38th-order harmonics (7) ♦ The cumulative contribution rate is 
99%, 

(4) Deterioration of the drive board (mainly deterioration 
of the capacitor) . The current harmonics on the inverter output 
side are measured. Only one principal component is enough, and 
the found component is the 38th-order harmonics. The 
contribution rate is 89%. 

In the aforementioned electric motor, in the case that 
it is operated without being controlled by the inverter, the 
current harmonics on its input side is measured, whereas in the 
case that it is controlled by the inverter, the current harmonics 
on its output side (the motor's input) is measured. 

The description hereinbefore can be summarized in Tables 
1 and 2 shown below. 
(Table 1) 



Electric motor equipment' s deteriorated part and current 
harmonics 



Electric 

motor 

equipment 


Electric 
motor 

equipment' s 


Current harmonics 


First principle 
component 


Selected principle 
components 
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deteriorated 
part 


Order 


Contribution 
rate (%) 


Order (in 
decreasing 

score) 


Cumulative 
contribution 


Motor' s 
main body 


Rotary shaft 
installation 


2 


55 


2,4,3,6 


86 


Insulation 
of stator 
winding 

^ i_JG LWCC11 

phases or to 
the ground) 


3 


61 


3,5,2,4 


95 


Damage of 
Dealing dinu 
housing 


4 


41 


4,2,3,5 


82 


uneven air 
gaps (dirt 
adhesion, 
local 
overheat) 


5 


59 


5,3,4,2 


93 


Motor load 


Unbalance of 
rotary 
snaic, 
coupling 


7 


53 


7, 10, 9, 8, 6 


91 


Damage of 

bearing, 

foreign 

matter 

adhesion 


8 


35 


8,7,9,10,6 


95 


Wornout of 
rotary shaft 
and coupling 
part 


9 


33 


9,8,7,10,6 


92 


Damage of 
wheel and 
belt system 


10 


30 


10,7,8, 9,6 


93 



(Table 2) 

Inverter equipment's deteriorated part and current 
harmonics 



Equipment 


Inverter 
equipment' s 
deteriorated 


Current harmonics 


First principle 
component 


Selected principle 
components 
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part 


Order 


Contribution 
rate (%) 


Order (in 

order of 
score) 


Cumulative 
rate (%) 


Inverter 


Smoothing 
capacitor 


5 


62 


5,7 


98 


Control 
board 


11 


21 


11,17,13,2 
5,19,23 


96 


Electric 

power 

element 


7 


17 


7,3,5,17,3 
8, 11, 25, 19 
,23,13,2,4 
,6,8,9,10 


99 


Drive board 


38 


89 


38 


89 



Note that the smoothing capacitor has harmonics on the 



inverter input side, and the others have harmonics on the inverter 
output side. 



Embodiment 

As the embodiment of the present invention, the calculated 
value for diagnosis and the Kth-order harmonic function which 
are necessary for the deterioration determination of the electric 
motor and inverter will be described as follows by taking up 
specif ic examples . However, the present invention is not limited 
to this embodiment. In the following description, H k is the 
Kth-order harmonic content. 

(1) Diagnosis of the electric motor (diagnosis of the 
electric motor's main body) . When K « 2, 3, 4 or 5, £ takes 
K = 2 to. 5. The procedure to find Ck is as follows. 

1 Mo - (ZH*x) 1/2 

2 A k = Hjc/Mo 

3 T 0 - £A k 
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4 C k = A k /T e 

On the other hand, f (M k ) can be the following values. In 
the following numerical formulas, I* represents the index value 
of the kth-order harmonics. 

f(M 2 ) = Six(2l k -I 3 2 ) 

f (M 3 ) = S 2 x(EI k -I 3 3 ) 

f (M 4 ) = SlX(I]I lc -l4) 

f (M 5 ) = S s x(El*-I 3 5) 

In the case of the inverter-driven motor, Si - S 2 - 1.0, 
and in the case of the electric motor alone (no inverter) , Si 
= 1.15 and S 2 = 1.25. 

(2) Diagnosis of the electric motor (diagnosis of the 
electric motor load) . when K - 6, 7, 8, 9, or 10, £ takes K 
= 6 to 10. The procedure to find C k is as follows. 

1 Mo - (EH**) 1 ' 2 

2 A k = Hjt/Mo 

3 T 0 = £A* 

4 C k = A k /T 0 

On the other hand, f (M K ) can be the following values. In 
the following numerical formulas, I k represents the index value 
of the kth-order harmonics. 

f(M 7 ) = S 2 x(2l k -I 3 7) 

f(Me) - SiX(Ei K -l8) 

f(M 9 ) = S 1 x(£I k -I 9 ) 

f(Mio) = SiX(£I k -Iio) 
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In the case of the inverter-driven motor, S x = S 2 = 1.0, 
and in the case of the electric motor alone (no inverter) , Si 
= 1.15 and S 2 = 1.25. 

(3) Diagnosis of the inverter 

3.1. Diagnosis of the smoothing capacitor. When K = 5 
or 7, 2 takes K = 5 to 7 . The procedure to find C k is as follows. 

1 M 0 = <£H 2 k ) 1/2 

2 A k - Hk/M 0 

3 T 0 = ZAk 

4 C x = Ak/To 

On the other hand, f (N s ) can be the following values. In 
the following numerical formula, I k represents the index value 
of the kth-order harmonics. 

f (N.) - Elk 

3.2 Diagnosis of the control board. When K = 11, 13, 17, 
19, 23, or 25, £ takes 11 to 25. The procedure to find C k is 
as follows. 

1 Mo = (ZH 2 k) 1/2 

2 A k = H k /M 0 

3 To - £A k 

4 C k = A k /T 0 

On the other hand, f (N c ) can be the following values. In 
the following numerical formula, I k represents the index value 
of the kth-order harmonics. 

f (N c ) - £lk-I 2 k: six function values of f (N c )n, f(N c ) 13 , 
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f(N c )i7, f (Nc)wr f(N c ) 23 , and f (N c ) 25 . 

3.3. Diagnosis of the electric power elements. When K 
= 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 17, 19, 23, 25 or 38, 2 
takes 2 to 38. The procedure to find C k is as follows. 

1 M 0 = (£H 2 *) 1/2 

2 A k = Hx/M 0 

3 T 0 = £A k 

4 C k = A k /To 

On the other hand, f (N p ) can be the following values. In 
the following numerical formula, I k represents the index value 
of the kth-order harmonics . 

f(N p ) = £l k -l 2 k : sixteen function values of f (N p ) 2 , f (N P )3/ 
f(Np) 4 , f(N p ) 5 , f(N p ) 6 , f(N p )7, f(N p ) e , f(N p ) 9 , f(N p )io, f(N p ) u , 

f(N p )i3/ f(N p ) 17 , f (N p )l9r f(Np) 2 3/ f(N p ) 2 5, and f{N p >38. 

3.4. Diagnosis of the drive board. As mentioned earlier, 
the drive board is diagnosed only by the size of the 38th-order 
harmonic content as shown in Fig. 5C. Therefore, C k = 1.0, and 
f(N<*> - 1-0. 

Examples of the electric equipment's deteriorated part 
and the distinction between the degrees of deterioration (A, 
Bl, B2, B3 and C) described in the embodiment of the present 
invention are shown in Tables 3 and 4 below. 

(Table 3) 

The electric motor ' s deteriorated part and the distinction 
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between the degrees of deterioration 



Electric 

Motor 

equipment 


Electric motor 
Equipment' s 
deteriorated part 


Normal 


Caution needed (B) 


Defective 


(A) 


<B> 


(B2) 


(B3) 


(C) 


Electric 
motor r 3 
main body 


Rotary shaft and 

bearing, 

installment 


C 2 xf (M 2 ) 


(A)x 
1.3 


(B1)X 
1.3 


(B2)x 
1.2 


(B3) or 
more 


Insulation of 
stator winding 
(between phases or 
to the ground) 


C 3 xf <M 3 ) 


(A)x 
1.3 


(Bl)x 
1.3 


(B2)x 
1.2 


(B3) or 
more 


Damage of bearing 
and housino 


C<xf (M 4 > 


(A)x 
1.3 


(Bl)x 
1.3 


(B2) x 
1.2 


(B3) or 
more 


Uneven air gaps 
(dirt adhesion , 
local overheat) 


C 5 xf (M 5 ) 


(A)x 
1.3 


(Bl)x 
1.3 


(B2)x 
1.2 


(B3) or 
more 


Motor 
load 


Unbalance of 
rotary shaft, 
coupling 


C 7 xf (M 7 ) 


(A)x 
1.2 


(Bl)x 
1.2 


(B2)x 
1.1 


(B3) or 
more 


Damage of bearing, 
foreign matter 
adhesion 


C B *f (Mb) 


(A)x 
1.2 


(Bl)x 
1.2 


(B2)x 
1.1 


(B3) or 
more 


Wornout of rotary 
shaft and coupling 
part 


C*xf (M 9 ) 


(A)x 
1.2 


(Bl)x 
1.2 


(B2)x 
1.1 


(B3) or 
more 


Damage of wheel and 
belt system 


C 10 *f (M 10 
) 


(A)x 
1.2 


(Bl)x 
1.2 


(B2)x 
1.1 


(B3) or 
more ! 



where Ckt the calculated value for diagnosis of the 



Kth-order harmonics, f (M k ) : Kth-order harmonic function 



(Table 4) 

The inverter equipment's deteriorated part and the 



distinction between the degrees of deterioration 



Equipment 


The 

inverter 
equipment' s 
deteriorate 
d part 


Normal 


Caution needed (B) 


Defective 


(A) 


(Bl) 


(B2) 


(B3) 


(C) 


Inverter 


Smoothing 
capacitor 


C K xf (N s ) 


(A)xl.l 


(Bl)xl.l 


(B2)xl,l 


(B3) or 
more 


Control 
board 


C K xf (N c ) 


(A)xl.3 


(Bl)xl.3 


(B2)xl.2 


(B3) or 
more 



28 



05-02-21 ;O2:57PM;*0tyfttffiK 



; 0 75 255 2677 



§ 38/ 50 





Electric 

power 

element 


C K xf (N P ) 


(A)xl.3 


(Bl)*1.3 


<B2)xl.2 


(B3) or 
more 


Drive board 


C K xf (N d ) 


(A)xl,3 


<Bl)xl,3 


<B2)xl.2 


(B3) or 
more 



where C^: the calculated value for diagnosis of the 
kth-order harmonics, f(N 3 , N c , N p , N*) : kth-order harmonic 
functions . 



Note that the numbers in C k and f{N a , N c , N p , N d ) shown 
in Table 4 correspond to two smoothing capacitors,, 6 control 
boards, 16 electric power elements, and one drive board. 
Consequently, for the distinction between the degrees of 
deterioration, the degrees of deterioration are found separately 
excluding the drive board and are averaged. For example, 
calculation is done with A = 0, Bl = 1, B2 = 2, B3 = 3, and C 
4 and average is taken (round off the decimals) * 

As described Hereinbefore, measuring current harmonics 
can determine the deteriorated part of an electric motor or 
inverter of electric equipment, and also can distinguish between 
the degrees of deterioration* 
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